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Description 

The invention relates to a method for closing the 
gap between a graphite electrode and a through-hole 
for the electrode formed in the furnace cover of an 
electric furnace by means of a cooling packing ring 
made of refractory material and relates also to an ap- 
paratus for performing this method. 

When preparing steel according to the arc fur- 
nace process, electric energy Is transferred by graph- 
ite electrodes to the material to be melted. The top of 
the accompanying furnace vessel is closed by a cov- 
er, which is provided with openings for the passing of 
the electrodes, which openings, for reasons of opera- 
tional safety, are larger than the electrodes. Through 
these gaps, however, hot gas escapes in the course 
of the fusion process, which contaminates and dam- 
ages the upper structure of the furnace and further- 
more, this loads the furnace hall with dust Moreover, 
local heating of the graphite electrodes occurs, induc- 
ing additional loss by non-uniform burning off. 

In order to minimise this loss which has nothing 
to do with the actual fusion process, so-called coated 
electrodes have been used, in which the graphite on 
the surface is protected by a coat of aluminium com- 
positions and boric acid respectively, containing re- 
fractory components. These coating methods, how- 
ever, are too uneconomical today. 

It is also known to spray water onto the graphite 
surfaces above the passage through the cover into 
the interior of the electric furnace. With this a certain 
cooling effect can be achieved, which, on the one 
hand originates from the temperature rise of the water 
and partly from the evaporation heat of the water. 
However, this cooling effect takes place above the 
passage or the sealing place, respectively, without a 
specific effect occurring with regard to cooling or 
sealing on the sealing region. 

In a known apparatus of the initially mentioned 
kind (European Patent Publication No. 0080335) gas 
is inserted in substantially tangential direction into a 
ring- and spiral-shaped chamber which is open to- 
wards the electrode. However, the cooling effect ach- 
ieved with this is - just like the sealing effect of the 
known apparatus - varying in strength over the cir- 
cumference, with the result of a locally insufficient 
sealing and larger burning off of the electrodes. 

In a further known apparatus of the initially men- 
tioned kind, (U.S. Patent No. 3697660) two half rings 
are provided which surround the electrode in spaced 
relation. Each of said half rings Is provided at its radial 
inside with a plurality of uniformly distributed open- 
ings, through which inert gas escapes which was in- 
troduced into the half ring. At both sides of the outlet 
openings there are blades running in radial-tangential 
direction in order to produce a gas flow around the 
surface of the electrode. With this an equalisation of 
both the cooling effect and the sealing effect can be 



achieved, due to the oncoming flow of gases. How- 
ever, no optimal cooling and sealing effect can be 
achieved. 

The invention is based on the problem to develop 
5 a method and an apparatus of the initially mentioned 
kind in a manner that on the one hand there is ach- 
ieved a sealing effect uniformly distributed over the 
circumference, but on the other hand there is also 
possible an optimal cooling of the surface of the elec- 
10 trade. 

Accordingly, in a first aspect the invention pro- 
vides a method of sealing the gap between a graphite 
electrode and a through hole for the electrode formed 
in the cover on an electric furnace using a cooling 

is sealing ring of refractory material, in which a gas-fluid 
mixture is fed to the gap via a plurality of conduits in 
the cooling sealing ring, the conduits being uniformly 
distributed around the circumference of the sealing 
ring and extending in a direction having both a radial 

20 and a tangential component together with an axial in- 
clination relative to the longitudinal axis of the elec- 
trode, whereby the gas-fluid mixture acts as a seal 
and the fluid absorbs heat from the region inside the 
cooling sealing ring by endothermic reaction, vapori- 

25 sation and/or cracking to form graphite or petroleum 
coke. 

The axial inclination of the conduits is preferably 
towards the tip of the electrode. 

In a second aspect the invention provides an ap- 

30 paratus for sealing the gap between a graphite elec- 
trode and a through hole for the electrode formed in 
the cover of an electric furnace which comprises a 
cooling sealing ring of refractory material, the cooling 
sealing ring having a plurality of conduits uniformly 

35 distributed around its circumference and opening into 
the gap, the conduits extending through the sealing 
cooling ring in a direction having both a radial and a 
tangential component together with an axial inclina- 
tion relative to the longitudinal axis of the electrode. 

40 The angle of axial inclination of the conduits is 

preferably up to 30°, especially 5° to 20°. The angle 
of the conduits from the tangential at the exterior cir- 
cumference of the seating ring is preferably from 10° 
to 170°. 

45 Thus, an essential feature of the invention is the 

mixed tangential-radial-axial oncoming flow of the 
gases onto the surface of the electrode, the vector of 
the gas-fluid-mixture flowing onto the surface having 
components not equal to zero in all three cylinder co- 

50 ordinates. By this means it is at first achieved that the 
cooling gases reach the hot surface, cool this by self- 
heating and the heated gases seal the gap, thus in- 
hibiting the escape of furnace gases. 

In the present invention, however, there still ex- 

55 ists another effect of particular importance, particu- 
larly an endothermic effect. By using a gas-liquid- 
mixture of a certain composition, it can be achieved 
that this mixture or the fluid component vaporises in 
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the area of the sealing means. For this vaporisation 
step a specific energy is necessary which is taken 
from the environment, which means that in the seal- 
ing area the electrode is cooled down to an extra or- 5 
dinary extent Due to the transition of the fluid com- 
ponent of the mixture into the gas form there also oc- 
curs an increased sealing effect, so that in the sealing 
region one could speak of a kind of sealing ring of gas- 
eous material. These two effects only occur with the 10 
apparatus according to the invention, so that in this 
context a cooling sealing ring may correctly be refer- 
red to, whereas in the state of the art there merely ex- 
isted sealing rings with a certain cooling. 

It is also within the scope of the present invention is 
to select a very specific composition of the gas-fluid- 
mixture. When using e.g. an oil, this oil will reach the 
graphite surface of the electrode via the flow of the 
gas. Due to the existing temperatures the oil cracks 
and the energy required for this step is again with- 20 
drawn from the environment of the sealing area, 
which leads to an additional cooling effect As a result 
of this cracking step a coating of graphite or petro- 
leum coke is provided at the surface of the graphite 
electrode and this coating furthermore forms a pro- 25 
tection of the electrode and aids a uniform consump- 
tion of the electrode in the circumferential direction. 

In the sense of the present invention a gas-fluid- 
mixture is to be understood to be a composition of in- 
dividual gases and liquids but may also include pow- 30 
der particles, but also mixtures (also in form of emul- 
sions or dispersion), which causes the effect of tem- 
perature reduction by changing the aggregate state 
(vaporisation, cracking, other changes in state) as 
well as a coating of the surface of the electrode and 35 
a reduction of the width of the gap. 

In the following the invention is explained by way 
of example with reference to the drawing. 

Figure 1 shows a top view of an apparatus ac- 
cording to the invention with the individual feed con- 40 
duits for the gas-fluid-mixture. 

Figure 2 shows a cross-sectional view through 
one of the feed conduits. 

In Figure 1, electrode 10 has a gap 11 surround- 
ing the electrode, the gap being defined between the 45 
electrode and a concentric cooling sealing ring 15. In 
the cooling sealing ring 1 5 there is provided a plurality 
(in the drawing there are shown eight thereof) of ob- 
lique bores 1 (shown at tangential angle p) each of 
which opens Into gap 11 via an opening 13 and which 50 
serve as feed conduits. Conduit 1 Is supplied by a ring 
conduit 12 which is either positioned in the cooling 
sealing ring 15 or on the outside of this cooling seal- 
ing ring and which in turn is supplied with a gas-fluid- 
mixture via a feed connection 20. 55 

From Figure 2 there is evident the slight axial in- 
clination (angle a )of the individual conduits 1. Open- 
ings 13 may be of part-circular.-axial or angular, e.g. 
wedge-shaped form. 



Gases, e.g. air, steam, natural gas, coke oven or 
water gas, nitrogen, carbon monoxide and carbon di- 
oxide or the like, with fluid media, e.g. water, oils, fats, 
tars, highly volatile coals (lignites, open-burning or 
gas flame coals), alcohol or the like, may be supplied 
through the conduits. In a preferred embodiment 
those fluids are used which are composed such that 
they withdraw from this region additional heat by va- 
porisation when entering the gap or when touching 
the electrode surface, so that an increased cooling 
effect occurs. 

The outside of the cooling sealing ring may be 
provided with a type of sheet cover, which may be cyl- 
indrical as well as profiled, wherein e.g. a concave 
opening of the profile can simultaneously serve as a 
central supply channel. 



Claims 

1. A method of sealing the gap between a graphite 
electrode and a through- hole for said electrode 
formed in the furnace cover of an electric furnace 
using a cooling sealing ring made of refractory 
material, characterised in that a gas-fluid-mixture 
is fed to the gap (11) via a plurality of conduits (1) 
in the cooling sealing ring (15) the conduits (1) 
being uniformly distributed around the circumfer- 
ence of the sealing ring (15) and extending in a 
direction having both a radial and a tangential 
component together with an axial inclination rel- 
ative to the longitudinal axis of the electrode (10), 
whereby the gas-flu id-mixture acts as a seal and 
the fluid absorbs heat from the region inside the 
cooling sealing ring (15) by endothermic actions, 
by vaporisation and/or by cracking. 

2. A method according to Claim 1 , characterised in 
that the fluid is an oil, fat tar, water or alcohol. 

3. A method according to Claim 1 or 2, character- 
ised in that the gas is air, steam, natural gas, coke 
oven or water gas, nitrogen, carbon monoxide or 
carbon dioxide. 

4. A method according to Claim 1 , 2, or 3, charac- 
terised in that the gas-fluid-mixture additionally 
contains powder particles. 

5. A method according to Claim 4, characterised in 
that the powder particles are volatile coals, e.g. 
lignite or open-burning coals. 

6. An apparatus for sealing the gap between a 
graphite electrode and a through-hole for the 
electrode formed in the cover of an electric fur- 
nace which comprises a cooling sealing ring 
made of refractory material, characterised in that 
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in the cooling sealing ring (15) has a plurality of 
conduits (1) which are uniformly distributed 
around its circumference and opening into the 
gap (11), which conduits (1) extend through the 
sealing cooling ring (15) in a direction having both 
a radial and a tangential component together with 
an axial inclination relative to the longitudinal axis 
of the electrode (10). 

7. An apparatus according to Claim 6, characterised 
in that the angle of axial inclination of the con- 
duits (1) is from 1° to 30°. 

8. An apparatus according to Claim 7, characterised 
in that the angle of axial inclination of conduits (1) 
is from 5° to 20°. 

9. An apparatus according to Claim 6, 7 or 8, char- 
acterised in that the axial inclination of the con- 
duits (1) is towards the tip to the electrode (10). 

10. An apparatus according to Claim 6, 7, 8 f or 9, 
characterised in that the angle of the conduits (1) 
from the tangential at the exterior circumference 
of the sealing ring (15) is from 10° to 170°. 

11. An apparatus according to any one of Claims 6 to 

10, characterised in that the conduits (1) are con- 
nected to a ring conduit (12) which is inside or on 
the outside periphery of cooling sealing ring (15). 

12. An apparatus according to anyone of Claims 6to 

11. characterised in that the conduits feed into 
the gap (11) via openings (13) of part-circular or 
oval or angular form. 



Patentanspruche 

1. Verfahren zum SchlieBen des Spalts zwischen 
einer Graphitelektrode und einem fur diese in der 
Ofendecke eines Elektroofens gebildeten Durch- 
gang unter Verwendung eines kuhlenden Dich- 
tungsrings aus feuerfestem Werkstoff, dadurch 
gekennzeichnet, dad man ein Gas/Flussigkeits- 
gemisch durch mehrere Leitungen (1) im kuhlen- 
den Dichtungsring (15) in den Spait (11) einfuhrt, 
wobei die Leitungen (1) gleichmaRig urn den Urn- 
fang des Dichtungsrings (15) herum angeordnet 
sind und sich in einer Richtung mit sowohl einer 
radialen als auch einer tangentialen Komponente 
zusammen mit einer axiaien Neigung zur Langs- 
achse der Elektrode (10) erstrecken, wodurch 
das Gas/Flussigkeitsgemisch als Dichtung wirkt 
und die Flussigkeit durch endotherme Wirkun- 
gen, durch Verdampfung und/oder Spaltung War- 
me aus dem Bereich inner halb des kuhlenden 
Dichtungrings (15) aufnimmt. 
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2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daa die Flussigkeit ein 6l, Fett, Teer, 
Wasser Oder Alkohol ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daa das Gas Luft, Dampf, Erdgas, 
Koksofen- oder Wassergas, Stickstoff, Kohlen- 
monoxid oder Kohlendioxid ist. 

4. Verfahren nach Anspruch 1, 2 oder 3, dadurch 
gekennzeichnet, daB das Gas/Flussigkeitsge- 
misch zus§tzlich Pulverteilchen enthalt 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet, daa die Pulverteilchen flQchtige Koh- 
len, z.B. Braunkohle oder offenbrennende Koh- 
len, sind. 



20 6. Vor richtung zum Schlie&en des Spalts zwischen 
einer Graphitelektrode und einem fur diese in der 
Decke eines Elektroofens gebildeten Durchgang, 
umfassend einen kuhlenden Dichtungsring aus 
feuerfestem Werkstoff, dadurch gekennzeich- 

25 net, dad der kiihlende Dichtungsring (15) mehre- 

re gleichformig urn dessen Umfang herum ver- 
teiite und in den Spait (11) mundende Leitungen 
(1) aufweist, welche sich durch den dichtenden 
Kuhlring (15) in einer Richtung mit sowohl einer 

30 radialen als auch einer tangentialen Komponente 

zusammen mit einer axiaien Neigung zur Langs- 
achse der Elektrode (10) erstrecken. 

7. Vorrichtung nach Anspruch 6, dadurch gekenn- 
35 zeichnet, daa der Winkel der axiaien Neigung der 

Leitungen (1) 1° bis 30° betragt. 

8. Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, daa der Winkel der axiaien Neigung der 

40 Leitungen (1) 5° bis 20° betragt. 

9. Vorrichtung nach Anspruch 6, 7 oder 8, dadurch 
gekennzeichnet, daa die axiale Neigung der Let- 
tungen (1) in Richtung der Spitze der Elektrode 

45 (10) liegt. 

10. Vorrichtung nach Anspruch 6, 7, 8 oder 9, da- 
durch gekennzeichnet, daa der Winkel der Lei- 
tungen (1) von der Tangentialen am Auaenum- 

so fang des Dichtungsrings (15) 10° bis 170° be- 

tragt. 

11. Vorrichtung nach einem der Anspriiche 6 bis 10, 
dadurch gekennzeichnet, daa die Leitungen (1) 

55 mit einer Ringleitung (12) verbunden sind, die 

sich innerhalb oder auf dem Auaenumfang des 
kuhlenden Dichtungsrings (15) befindet. 

12. Vorrichtung nach einem der Anspruche 6 bis 11, 
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dadurch gekennzeichnet, daG die Leitungen uber 
dffnungen (1 3) teilkreisformtger Oder ovaJer Oder 
winkeliger Gestalt in den Spalt (11) munden. 



Revendlcatlons 

1. Procede permettant de sceller I'intervalle 
compris entre une electrode de graphite et un ori- 
fice destine a I'electrode passant a travers le cou- 
vercle d'un four electrique par I' utilisation d'un an- 
neau de refroidissement et d'etancheite constitue 
de ma tie re refractaire, caracterise en ce qu'un 
melange de gaz et de fluide est achemine a I'in- 
tervalle (11) via une serie de conduites (1) dans 
I'anneau de refroidissement et d'etancheite (15) 
qui sont uniform erne nt distribuees autour de la 
circonference de I'anneau d'etancheite (15) et 
s'etendent dans une direction ayant a la fois une 
composante radial e et une composante tangen- 
tielle conjointement avec une indinaison axiale 
relativement a I'axe longitudinal de Telectrode 
(10), si bien que le melange de gaz et de fluide 
joue le role de joint etanche et que le fluide ab- 
sorbe la chaleur provenant de la region interne a 
I'anneau de refroidissement et d'etancheite (15) 
par reaction endothermiques, vaporisation et/ou 
craquage. 

2. Procede selon la revendication 1 , caracterise en 
ce que le fluide est une huile, une graisse, un 
goudron, de I'eau ou un alcool. 

3. Procede selon la revendication 1 ou 2, caracteri- 
se en ce que le gaz est de I'air, de la vapeur d'eau, 
du gaz nature), du gaz de four de coke ou du gaz 
a I'eau, de I'azote, du monoxyde de carbone ou 
de I'anhydride carbonique. 

4. Procede selon la revendication 1, 2 ou 3, carac- 
terise en ce que le melange de gaz et de fluide 
contient, en outre, des particules de poudre. 
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dant a travers I'anneau de refroidissement et 
d'etancheite (15) dans une direction ayant a la 
fois une composante radiale et une composante 
tangentielle conjointement avec une indinaison 
axiale relativement a i'axe longitudinal de I'elec- 
trode(10). 

7. Appareil selon la revendication 6, caracterise en 
ce que Tangle d'inclinaison axiale des conduites 
(1) estde 1 a 30°. 

8. Appareil selon la revendication 7, caracterise en 
ce que i'angle d'inclinaison axiale des conduites 
(1) estde 5 a 20°. 

9. Appareil selon la revendication 6, 7 ou 8, carac- 
terise en ce que I'indinaison axiale des conduites 
(1) est en direction de la pointe de I'electrode (10). 

1 0. Appareil selon la revendication 6, 7, 8 ou 9, carac- 
terise en ce que I'angle des conduites (1) a partir 
de la tangente sur la circonference externe de 
I'anneau d'etancheite (15) est de 10 a 170°. 

11. Appareil selon Tune quelconque des revendica- 
tions 6 a 10, caracterise en ce que les conduites 
(1) sont con nectees a une conduite annulaire (1 2) 
qui se trouve sur la circonference interne ou ex- 
terne de I'anneau de refroidissement et d'etan- 
cheite (15). 

12. Appareil selon I'une quelconque des revendica- 
tions 6 a 11, caracterise en ce que les conduites 
debouchent dans i'intervalle (11) via des ouver- 
tures (13) de forme partiellement circulate, ovale 
ou angulaire. 
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5. Procede selon la revendication 4, caracterise en 45 
ce que les particules de poudre sont des char- 
bons volatils, par exemple de la lignite ou des 
charbons flambants gras. 

6. Appareil permettant de sceller I'intervalle so 
compris entre une electrode de graphite et un ori- 
fice destine a I'electrode passant a travers le cou- 
vercle d'un four electrique, qui comprend un an- 
neau de refroidissement et d'etancheite constitue 

de matiere refractaire, caracterise en ce que I'an- 55 
neau de refroidissement et d'etancheite (15) pos- 
sede une serie de conduites (1) uniformement 
distribuees autour de sa circonference et debou- 
chant dans I'intervalle (11) conduites (1) s'eten- 
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